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(57) Abstract 

The ribonucleosid&-derivatives serve for die synthesis of ribonucleic acids and comprise a \xip\t substituted silyloxymethyl-group as 
a protection-group on the oxygen atom in 2*-position. The ribonucleoside-derivatives may be suitably protected on the nucleo-base and 
on the oxygen in 5 '-position also. The new protection-groups in 2'-0-^sition are superior to conventional such protection the groups as 
they are not subject to isomerization and give higher coupling yields. Ihe general formula of the ribonucleosido-Klerivative is (I) whereby 
RMs a base of the purine- or pyrimidine-family or a derivative of such a base, R^ is a proton or a substituted derivative of phosphonic 
acid, R3 is a proton or a suitable protection-group. R^ R^, R^ are advantageously three identical or different alkyl- or aryl- substituents 
which togetiier comprise between 6 and 30 carbons atoms. 
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RIBONUCLEOSIDE-DERIVATIVE AND METHOD 
FOR PREPARING THE SAME 



Field of the invention 

5 The invention is in the field of nucleic acid chemistry and concerns a 
ribonucleoside-derivative and a method for preparing the ribonucleoside- 
derivative. The inventive ribonucleoside derivative is especially suitable for 
machine synthesis of ribonucleic adds. 

10 

Background of the invention 

15 The present invention is connected to the chemical synthesis of ribonucleic 
adds (ribo-oligonucleotides, RNA), espedally to the machine synthesis of such 
oligomers as well as to the synthesis of structurally related derivatives of such 
oligomers. 



20 



CONFIRMATION COPY 
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Pure oligonucleotides of a defined sequence prepared in a chemical synthesis 
are e.g. used in the field of structural analysis of unit crystals by means of X- 
ray diffiacrion or by means of nuclear magnetic spectroscopy. This kind of 
research contributes to the understanding of biological processes on a 

5 molecular level and among other things make development of novel therapy 
concepts possible. Ribonucleic acids constituting a central biological class of 
compoimds (messenger-RNA, transfer-RNA, ribosomal-RNA) are interesting 
objects for medical chemistry. In this context the availability of assays for fast 
and reliable testing of compounds potentially interacting with RNA is highly 

10 desireable. By chemical synthesis (opposed to production using enzymes, 
organisms etc.) of such oligonucleotides for testing, introduction of purposeful 
modifications becomes possible which modifications e.g. allow simple 
quantification of a desired interaction or make a specific interaction accessible 
to precise examination. 

15 

Natural and modified RNA-oligonucleotides also find use as tools for selective 
recognition and/or selective modification of RNA- and DNA-oligonucleotide- 
sequences and other compounds (aptamers and ribozymes). Improvements to 
20 be achieved in the chemical synthesis of such compounds could make the 
introduction of purposeful modifications possible and thus considerably extend 
the field of application of the types of compounds as described above in 
medical diagnostics and therapy, 

25 

All known metiiods for chemical syntiiesis of RNA-oligonucleotides and 
derivatives thereof are related to concepts which have been very successfully 
developed for the synthesis of DNA-oligonucleotides (2'-desoxyribonucleic 
adds, opposed to RNA which comprises a lydroxy-group in the 2'-position). 
30 The machine synthesis of DNA- and RNA-oligonucleotides is normally based 
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on a protected nucleoside-derivative immobilized on a solid phase to which 
further protected micleoside-derivatives are coupled in steps of one synthesis 
cycle each until the desired length of chain is achieved Finally the built-up 
sequence is freed of all protection-groups and separated from the solid phase. 



10 



Ribonucleoside-derivatives for application in the chemical synthesis of 
ribonucleic acids comprise a D- or L-ribose-unit and have the following 
general structural formula: 




R^o o-x 



whereby 

is a base of the purine- or pyrimidine-family or a derivative of such a 
base, 

is a proton or a substituted derivative of phosphonic acid, 
20 R^ is a proton or a protection-group for the oxygen atom in 5'-position, 

X is a protection-group for the oxygen atom in 2'-position. 



The protection-group X for the oxygen atom in 2'-position is to fulfil 
25 substantially the following conditions: 

The introduction of the protection-group has to be as simple as possible 
and has to yield imiform compounds which are as free from isomerization 
products as possible. 



30 
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The protection-group has to be absolutely stable under the coupling 
conditions. 

The protection-group has to have a structure which allows high coupling 
5 yields. 

The protection-group has to be completely removable without 
decomposition or chemical chiange of the compound to be prepared. 

10 

The protection-groups which have been used so far for the Z-position 
substantially belong to the three following types. A number of further such 
protection-group types exist. However, they have not been completely 
successful for different reasons. 

15 

a) Add-sensitive 2'-0-acetal-protection-groups [1]: 



20 Example: X = ro' 




F 



This type of protection-group is easily introduced and the chemicals required 
for establishing such protection-groups as well as the nucleosides carrying 
25 them are conmiercially available. Disadvantages of the protection type are the 
facts that the protection-groups are not completely stable on synthesis of the 
chains, that using such protected nucleoside-derivatives only moderate 
coupling yields are achievable and that isomerization on de-protection is 
possible. 



30 
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b) Photo-sensitive 2*-OH)rtho-nitroben2yIo}iymethyl-protection-groups [2]: 



Example: X ^ 



3 

This type of protection-group is easily introduceable, de-protecting is 
completely orthogonal and good coupling yields are achievable. Disadvantages 
of this type of protection-group are the facts that complete de-protecting is 
10 sometimes not possible and that the chemicals necessary for establishing the 
protection-groups are not available on the market 



c) Fluoride-sensitive 2'-0-siIyl-protection-groups [3]: 

15 

R 

Example: X = — st— a* 

R' 
4 

20 This type of protection-group is the most successful one. It is well established 
in the industry since the early eighties and the necessary chemicals are 
available on the market. Protection groups of this type are easily and 
completely removable (de-protecting) and coupling yields of up to 98% can be 
achieved with coupling times in the order of ten to twenty minutes. This 

25 results in commercially reasonable yields in the order of 50% and more for 
oligonucleotides of up to about 35 units. 



30 



The yield of chain building corresponds to the yield of each coupling step to 
the power of the number of units contained in the chain. This means that 
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increasing the coupling yield is not only advantageous for economic reasons 
but it makes it possible to build longer chains. Past and present efforts for 
increasing the coupling yield concentrate on the coupling parameters and 
resulted in the above mentioned maximum of 98% 

5 

The object of the invention is a substantial increase of the yield of RNA-chain 
building steps (coupling yield) without important changes to the chain building 
chemistry such that established equipment and established method steps are 
10 still applicable. 



Short description of the invention 

15 

This object is achieved by coupling ribonucleoside derivatives being protected 
in 2'-0-position with a novel protection group. As will be shown in the 
examples, using the novel ribonucleoside derivative coupling yields higher 
20 than 99% and possibly higher than 99.5% can be achieved. Furthermore, this 
coupling yield is achievable with a shorter coupling time, which constitutes a 
further advantage of the inventive ribonucleoside-derivative. 

25 The coupUng yield increase in the order of at least one percent as achieved by 
using the inventive ribonucleoside derivative results in a chain building yield 
in the order of 60 to 70% for a chain with 50 \mits (according to known 
methods: ca. 35%) and m the order of 40 to 60% for a chain of 100 units 
(according to known methods: ca. 13%). 



30 



wo 99/09044 



PCT/EP98/05215 



-7. . 



10 



15 



20 



The inventive nucleoside-derivatives unite the advantages of nucleoside- 
derivatives with known protection-groups as mentioned above under b) and c) 
(good introduceability of the protection-group, good stability of the protection- 
group, simple de-protecting) but do not show the known disadvantages in 
particular of the protection group as mentioned under c), which are 
isomerization and chain scission imder de-protection conditions. 

The inventive ribonucleoside-derivatives contain a 2'-0-silyloxymethyl- 
protection-group (structural formula 5), whereby the silicon atom of the 
silylo}^methyl-group additionally comprises three identical or different 
substituents. These three substituents are advantageously alkyl- or aryl- 
substituents. The three alkyl- or aryl-groups can also be aryl-alkyl- 
combinations, can be substituted with heteroatoms and/or can be connected 
to each other in ring-form. It shows that the three substituents of the 2'-0- 
sOyloxymethyl-group can together comprise between 6 and 30 C-atoms. 

X = ^H2--o— Si— r5 
5 

As an example the three substituents of the silicon atom in the 2'-0 
silyio}ganetfayl-protection*group are three isopropyl-groups (structural formula 



6) 
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The advantages achieved by using the inventive ribonucleoside derivative for 
RNA-chain building may be explained as follows: 

Due to the acetal nature of the bond between nucleoside and protection- 
5 group in the inventive 2'-0-protected ribonucleoside-derivative no 

migration of the protection-group to a different position inside the 
ribonucleoside-derivative, in particular no migration to the neighboring 3'- 
Oposition can occur. Such isomerization is an important and well known 
problem in the synthesis of the conventional r-O-silyl-substituted RNA- 
10 units (type of protection-group c), see above) [6, 7] which problem is 

solved for the inventive ribonucleoside-derivatives by the new protection- 
group. 

. The 2*-6-silyloxymethyl-protection-group is less bulky because it is linked 
15 to the ribose unit via the relatively small and sterically undemanding 

methene-unit This, m opposition to units with the known considerably 
more bullqr trialkylsilyl-groups bonded directly to the 2'-oxygen atom 
(types of protection-groups c), see above) reduces steric hinderance of the 
reaction center for the coupling reaction (3*-0-phosphor atom) and thus 
20 increases the coupling yield. 



As the difficulties of the chain formation caused by steric hindrance are 
greatly reduced by the methoxy-spacer of the protection-group of the inventive 
25 ribonucleic-acid-unit steric effects can be substantially negleaed when 
choosing the three substituents of the silicon atom. Instead, additional criteria, 
in particular stability against acid and/or base can be taken into 
consideration. Furthermore, the protection-group can be adapted to a higher 
degree to the requirements of a specific case. 



30 
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The separation of the 2'-0-silylo3qmiethyl-protection-group (de-protecting) can 
be carried out substantially under the same conditions as the separation of the 
conventional 2'-0-Silyl-protection-groups, i.e. by treatment with fluoride-ions 
or fluorosilidc acid. This de-protecting reaction is known to users of 
5 ribonucleic-add-units as a well established and problem-free reaction and the 
fact that this reaction can be taken over for de-protecting the inventive units 
is a further advantage of these units. 

10 For preparing the inventive compounds an efficient, cheap and simple method 
of synthesis is used, which method yields products substantially free of 
unwanted isomers (purity > 99.8%), By using the inventive ribonucleoside- 
derivatives, synthetically prepared oligo-nucleic-adds with chains (more than 
40 nucleotide units) longer than previously possible become available and 

15 RNA-oligonucleotides in generally larger amounts (1 - 20 mg per individual 
synthesis) and in uniform, chemically pure form (over 90% in weight of the 
compoimd with the desired structure) become available for many interesting 
applications. 
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Dialled description of the invention 



O" ™ OH O . , ? ? .< 



10 



8 ^6 R» R^ R^ 



The reaction 7 ^ 8 -> 9 shows an example of the synthesis of a compound 
according to the invention This synthesis starts from nucleosides 7 which are 
already partly protected. A cyclic 2'3*-di-0-diallqrl-(or diaryl-)stannyl 
derivative (e.g, dibutyl-stannyl-derivative) is synthesized under alkaline 
15 conditions, in the presence of an excess of a tertiary amine base which 
derivative reacts with a tri(alkyl- and/or aryl)-substituted silyloxy- 
methylchloride (or other halogenide) to form the ribonucleoside-derivative 8. 
This is then converted to the corresponding phosphoramidite 9 under 
established conditions [4]. 

20 

As mentioned above the substituents R^ and of tiie r-O-sQyloxymethyl- 
protection-group which protection-group distinguishes the inventive 
nucleoside-derivative, are identical or different allqrl- or aryl-substituents or 
25 combinations of these and can also be substituted with heteroatoms and/or be 
connected to each other forming ring structures. The three substituents 
together comprise advantageously between 6 and 30 carbon atoms. They are 
e.g. three isopropyl-groups. 



30 
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The components and other substituents of the initial product which is not yet 
protected in 2'-0-position and of the protected product correspond precisely 
to the components and substituents which are used in conventional synthesis 
methods for preparing protected ribonucleoside-derivatives. 

5 

The protection-group in 5'-0-position is e.g- a monomethoxytrityl- or 
dimethoxytrityl-group or a different, suitable group which is removed from the 
growing sequence during chain building such freeing a bonding position for 
10 coupling the next unit to be added to the chain. 

The base-component of the ribonucleoside-derivative is a base of the 
purine- or pyrimidine family, e.g. one of the five nucleobases adenine, 
15 cytosine, thymine, uradle, guanine or a derivative thereof. It can be protected 
by an acyl-substituent which can be removed after chain creation. 

The derivative of phosphonic acid in the 3'-0-position is an NjN- and O- 
20 substituted phosphoramidite group, whereby the N-substituents R^ and R^ are 
alkyl- or aryl-groups which can be further substituted and/or cyclically 
connected to each other. R^ and R^ are e.g. isopropyl-groups. By activating 
the nitrogen of the disubstituted amino-group the phosphorus center is 
activated for coupling the unit to a growing chain. 

25 

The O-substituent R^ of the phosphoramidite-group is an alkyl- or aryl- 
substituent (possibly substituted by heteroatoms) which is removed after chain 
creation. 



30 
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One skilled in the art of oligonucleotide-synthesis knows the principles of the 
synthesis of the inventive ribonucleoside-derivatives and their coupling to form 
oligo-nucleotides. For further illustration of the simplicity of the synthesis and 
the superiority of the inventive units for the synthesis of ribonucleic acids 
5 several examples follow. 



10 
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The synthesis of the uridine-unit l-{3*-0-[(2<yanoethoxy)(diisopropyIaniino)- 
phosphino]-5*-0-[4,4'-dimethoxytrityl]-2'-0-[triisopropyl-silyloxymethyl]-6 
ribofuranosyl}-uracile 12 was carried out starting from l-[5'-0-(4,4'- 
25 dimethoxytrityl)-B-D-ribofiiranosyl]-iiridine 10 and carried out via the 
intermediate product 1 1 : l-[5'-0-(4,4'-dimethoxytrityl)-2'-0-(triisopropyi- 
silyloxymethyl)-6-D-ribofuranosyll-uracile. 
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The protected ribonucleoside-derivative 11 was purified to an isomerically 
pure form by means of simple chromatography on silica geL 
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Example 2 



DMTO- 
O 



O 



X Chain building on 
1 H ft 



OBz 



synthesizer with 
standard DNA-condttions 



NC^ 



l^umolsoUd phase ^ 1) Dimethoxytrityiizing 

\9xl Coupling with unit 12 



O OCH2Si(i-Prop)3 



O OCH2Si(i-Prop)3 
,O-P=0 J ,8 



4) Ooddaiion 



O OH II 

,-fc, (X. 

■ ^ . 

O OH X 



1 M tetrabui 
fhioride 



abutyianunonium- \^ ^ 

I THF / 17h / r.L 1 f „ 



NH3/H2O/ 
EtOH/20h/ 
50** C 



18 



O OCH2St(i.Prop)3 

O OCHjSiCi-Pw^b 
I 



HO OH 



18 



HO OH 



Abreviations: 



DMT = 4,4*-Dimeihoxytriiyl 
Ez s Benzoyl 

CPG Aminofunctionaiized Controlled Pore Glass 



SUBSTITUTE SHEET (RULE 26) 

11 
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With a coupling time of 2 minutes, coupling yields as indicated by the 
detritylation assay built into commercially available chain building equipment 
were found to be as follows: 

5 



electrophile unit 


nucleophile unit 


coupling yield 


adenine 


adenine 


99,6% 


adenine 


cytosine 


99,0% 


adenine 


guanine 


99.1% 


adenine 


uracile 


99.5% 


cytosine 


adenine 


99.1% 


cytosine 


cytosine 


99.3% 


cytosine 


guanine 


98.4% 


cytosine 


uracile 


99.5% 


guanine 


adenine 


99.5% 


guanine 


cytosine 


99.5% 


guanine 


guanine 


99.9% 


guanine 


luradle 


99.9% 


uracile 


adenine 


99.5% 


uracile 


cytosine 


99.1% 


lu-acile 


guanine 


98.4% 


uracile 


uracile 


99.9% 



25 



This results in a mean coupling yield of 993% 
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Example 3: Procedure for the preparation of (Chloromethoxy)(triisopropyl)- 
silane (according to [8]) 



5 




A suspension of 0,1 mol para-formaldehyde in 0,1 mol ethanethiol was treated 
with 1 drop ION aequous NaOH-soiution and stirred at room temperature 

10 until a clear solution was obtained. After stirring for 1 hour at 50**C, 50 ml 
CH2a2 and 0.2 mol imidazole, followed by 0.09 mol (iTProp)3Sia were added. 
The resulting suspension was stirred at room temperature overnight and 
diluted with 400 ml hexane. After addition of 250 ml aequous 2M NaH2P04- 
solution, stirring and phase separation, the organic phase was evaporated. The 

15 residue was dissolved in 250 ml CH2CI2, treated with 0.09 mol sulfurylchloride, 
stirred 1 hour at room temperature, evaporated and distilled in vacuo. The 
produa was obtained as colourless, viscous oil (yield: 90%). 



20 Boiling point: 50**C (0.1 torr). ^H-NMR (300 MHz, CDCI3): 1.08 - 1.10 (m, 21 
H. CH3 and CH from (i-Prop)3Si.); 5.66 (5, 2 H, CH2CI). 



For preparing silyloxymethylchloride with other substituents than isoporpyl as 
25 well as for preparing other silyloxymethylhalogenides, the procedure as given 
above is adapted correspondingly. 



30 
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Example 4: Procedure for the preparation of the 2'-0-[(i-Prop)3SiOCH2]- 
protected nucleosides 5 • 8 




1 //^-Benzoyl-adenine s A/^-Benzoyl-adenine 

2 iV^-Benzoyl-cytosine 6 N^-Benzoyl-cytosine 

3 //^-Isobutyiyl-guaninc 7 iV^-Isobacyiyi-guanine 

4 Uracile g Uracile 



A solution of 10 mmol S'-O-dimethoxytritylated, eventually base protected 
nucleoside 1 - 4 (preparation according to [9]) in 40 ml 1,2-dichloroethane 
was treated at room temperature first with 50 mmol N-ethyI-N,N- 

20 diisopropylamine and then with 11 mmol dibutyltin dichloride. After stirring 
for 15 minutes at room temperature, the reaction mixture was heated to 80°C, 
treated with 13 mmol (chloromethoxy)(triisopropyl)-silane and stirred for 30 
to 90 minutes at 80°C, until only traces of staning material could be deteaed 
by thin-layer-chromatography. After cooling to room temperature, the reaction 

25 mixture was diluted with 200 ml CH2CI2, 200 mi aqueous saturated NaHCOj- 
solution were added and the resulting mixture was stirred for 20 minutes. The 
cloudy organic phase obtained after phase separation was dried over MgS04 
and filtered through a pad of Celite. The residue, obtained after 
concentration, was subjected to column-chromatography on 100 g of silica gel 
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using as eluent hexane/ethyl acetate mixtures, containing 2 % NEtj. The 
products were obtained as colorless foams. 

5 li^-Benzoyl-9-[5'-0-(4,4'-dimethoxytrityl)-2'-0-(l(triisopropy^^ 
D-ribofimmosyl] adenine (5): 

Yield: 45 - 55 %. 

10 TLC: Rf 0.60 (AcOEt / hexane 7:3). ^H-NMR (300 MHz, CDQa): 1.03 - 1.15 
(m, 21 H, CH3 and CH from (i-Prop)3Si-); 3,08 (d, J = 3.7, 1 H, HO-C(3'), 
disappears upon treatment with DjO); 3.40 (d x d, J = 102, 4.1, 1 H, H- 
C(5')); 3.62 (dxd,J = 102, 3.5 Hz, 1 H, H'-C(5')); 3.78 (s, 6 H, CHjOAr); 
431 (q, J = 4.0, 1 H, H-C(4')); 4J7 (br. 9, / A 4, 1 H, H-C(3'), changes to t 

15 upon treatment with D2O); 4.98 (br. t, J k 5, 1 H, H-C(2')); 4.98 and 5.16 
(two d, / = 4.7, 2 H, OCHfi)', 6.24 (d, J = 5.6, 1 H, H-C(l')); 6.79 - 6.83 (m, 
4 H, arom- H); 721 - 7.65 (m, 12 H, arom. H); 8.01 - 8.04 (m, 2 H, arom. H); 
8.21 (5, 1 H, H-C(2)); 8.73 (5, H-C(8)): 8.97 (br. s, 1 H, Ni/-C(6), disappears 
upon treatment with D2O). 

20 

N*-Benzoyl-l-[5'-0-(4,4'-dimetho:Qftrityl)-2'-(>([(triisopm^ 
D-ribofuranosylJqrtosine (6): 

25 Yield: 50 - 60 %. 

TLC: Rf 0.65 (AcOEt / hexane 7:3). ^H-NMR (300 MHz, CDCI3): 1.02 - 1.18 
(m, 21 H, CH3 and CH from (i-Prop)3Si-); 334 (d, / = 83, 1 H, HO-C(3'), 
disappears upon treatment with DjO); 3.55 (d x d, J = 11.6, 3.0, 1 H, H- 
30 C(S')); 3.62 (dxd,J = 11.6, 3.0 Hz, 1 H, H'-C(5')); 3.83 (s, 6 H, CHjO-Ar); 
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4.12 (dxt,J^ 8.3, 3.0, 1 H, H-C(4')); 428 (d, J = 5.4, 1 H, H-C(2')); 4.41 (t 
xd,J = 83, 5.4, 1 H, H-C(3*), changes todxd upon treatment with DjO); 
5.19 and 5.30 (two d, / = 4.6, 2 H, OCH^O); 6.01 {s, 1 H, H-C(l')); 6.84 - 6.92 
(m, 4 H, arom. H); 7.23 - 7.62 (m, 13 H, 12 arom. H and H-C(5)); 7.85 - 7.92 
5 (m, 2 H, arom. H); 8.54 {d, J = 65, I H, H-C(6)); 8.55, (br. s, 1 H, /fN-C(4), 
disappears upon treatment with DjO). 

}!l^'Isobuiyryl-9'[5'-0'(4A'-dimeUwxytrityl)-2'-0-([(tjm 
10 R-D-rUjqfitmnpsylJgucmine (7): 

Yield: 80 - 90 %. 

TLC: Rt 030 (AcOEt / hexane 7:3). ^H-NMR (300 MHz, CDQa): 0.66, 0.87 
15 (Td, J = 6.9, 6 H, Ca{CH^; 1.02 - 1.11 (m, 21 H, CHj and CH from (i- 

Prop)3Si-); 1.49 (fiept, J = 6.9, 1 H, CHiCH,)^; 3.02 (rf, J = 1.9, 1 H, HO- 

C(3'), disappears upon treatment with D,0); 3.00 {dd, / = 3.1, 10.6, 1 H, H- 

C(5')); 3.54 {dd, J = 2.1, 10.6, 1 H, H'-C(5')); 3.76, 3.77 (2s, 2 x 3 H, OCH^); 

4.22 (br. ^, / A 2, 1 H, H-C(4')); 4J7 (m, 1 H, H-C(3'), changes todxd upon 
20 treatment with D,0); 4.95, 5.14 (2d, J = 4.7, 2 H, OCHfi); 5.08 (dd, J = 5.1, 

72, 1 H, H-C(2')); 5.89 {d, J = 7.2, 1 H, H-C(l')); 6.77-6.82 (m, 4 H, arom. 

H); 7.21-7.57 (m, 9 H, arom. H); 7.77 (br. s, N//.C(2)); 7.79 {s, 1 H, H-C(8)); 

11.95 (br. J, 1 H, H-N(l), disappears upon treatment with D2O). 

25 

2 .[5 o- (4, 4 '-dimethoxytrityl) -2 O- (/ (triisopropylsilyl) oxy J methyl))- B- D- 
ribofimmosyljumcile (8): 

Yield: 45 - 55 %. 

30 
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TLC: Ri 0.75 (AcOEt / hexane 3:2). ^H-NMR (300 MHz, CDQa): 1.02 - 1.18 
(m, 21 H, CH3 and CH from (i-Prop)3Si-); 3.17 (d, / = 5.5, 1 H, HO-C(3'), 
disappears upon treatment with D2O); 3il (d, J = 25,2 H, H-C(5') and FT- 
C(5')); 3.80 (j, 6 H, CHjO-Ar); 4.12 (dxt.J = 5.5, 2.5, 1 H, H-C(4')); 4.28 (d 
5 X <i, / = 3.2, 5.5, 1 H, H-C(2*)); 4.47 (q, / = 5.5, 1 H, H-C(3'). changes to t 
upon treatment with D2O); 5.04 and 5.23 (two d,J = 5.0, 2 H, OOfjO); 530 
(d, J = 7.9, 1 H, H-C(5)); 6.03 (d, J = 3.2, 1 H, H-C(r)); 6.80 - 6.88 (m, 4 H, 
arom. H); 7.24 - 7.42 (m, 9 H, arom. H); 7.94 (d, J = 7.9, 1 H, H-C(6)); 8.56, 
(br. J, 1 H, H-N(3), disappears upon treatment with DjO). 



10 
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Example S: Procedure for the preparation of the Phosphoramidites 9 - 12 




5 A^-Benzoyl-adenine 9 A/^-Benzoyl-adenine 

6 /V^.Benzoyl^ytosinc 10 N^-Benzoyl-cytosine 

7 Af^-Isobutyryl-guanine n iV^-Isobutyryl-guanii 
* Uradle 12 Utacile 



A solution of 10 mmol protected nucleoside 5 - 8 in 30 ml CHjCU was treated 
consecutively with 20 mmol N-ethyl-N,N-diisopropylamine and 20 mmol 
chloro(2-cyanoethoxy)(N,N-diisopropylamino)ph6sphine [4]. After stirring for 
20 3 h at room temperature, the reaction mixture was subjected to column- 
chromatography on 150 g of silica gel using as eluent hexane / ethyl acetate 
mixtures, containing 2 % NEtj. The products were obtained as colorless foams 
(mixture of diastereoisomers). 

25 

^'Benzoyl'9'[5''0'(4,4''dimethoxytri^ 

D-ribofiiranosylJademne 3''[(2'Cycmoethyl) Diisopropylphosphoramidke] (9): 
Yield: 90 - 95 %. 

30 
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TLC: Rf03Q (hexane / EtOAc 7:3). ^H-NMR (300 MHz, CDQj): 0.89 - 1.22 
(m, 33 H, CH3 from (i-Prop)2N-; CH3 and CH from (i-Prop)3Si-); 2.39 (/, / = 
6.5, 1 H, CHjCN); 2.65 (dt, J = 1.2, 6.2, 1 H, CHjCN); 3.36 (m, 1 H, OCHj); 
3.51 - 3.73 (m, 4 H, OCHj, CH from (i-Prop)2N-, H-C(5')); 3.77, 3.78 (2$, 6 H, 
5 OCH3); 3.84 - 3.99 (m, 1 H, H'-C(5')); 4.37, 4.42 (2m, 1 H, H-C(4')); 4.65 (m, 
1 H, H-C(3')); 4.94 - 5.02 (m, 2 H, OCHjO); 5.24 (m, 1 H, H-C(2')); 6.20, 
6.23 (2d,J= 5.6, 1 H, H-C(l')); 6.75-6.81 (w, 4 H, arom. H); 7.21-7.61 (m, 12 

H, arom. H); 7.99-8.04 (m, 2 H, arom. H); 8.18, 820 (2y, 1 H, H-C(2)); 8.69, 
8.72 {2s, 1 H, H-C(8)); 9.01 (br. s, 1 H, NH-C(6)). "P-NMR (120 MHz, 

10 CDCI3): 150.8, 151.6, 

N*-Benzoyl-9-[5'-0-(4,4'-duriethoxytrityl)-2'-0-([(tri^^^ 
D-ribofimmosylJcytosine 3'-l(2-Cyanoethyl) Diisopropylphosphoramidite] (10): 

15 

Yield: 90 - 95 %. 

TLC: Rf 0.50/0.45 (hexane / EtOAc 7:3). 'H-NMR (300 MHz, CDCI3): 0.99 - 

I. 23 (m, 33 H, CH3 from (i-P.rop)2N-; CH3 and CH from (i-Prop)3Si-); 239 (/, 
20 / = 6.3, 1 H, CHjCN); 2.61 {dt, J = 2.5, 6.2, 1 H, CHjCN); 3.43 - 3.97 (m, 12 

H, OCH2, CH from (i-Prop)2N-, H and H'.C(5'), OCH3); 4.29 - 4.56 (m, 3 H, 
H-C(2',3',4')); 5.20 {s, 2 H, OCH2O); 6.18, 6.19 (2d, / = 2.0, 1 H, H-C(l')); 
6.84-6.89 (m, 4 H. arom. H); 7.26-7.63 (m, 13 H, arom. H. H-C(5)); 7.88 (m, 2 
H, arom. H); 8.41, 8.51 {2 d, J = 7.5, 1 H, H-C(6)); 8.40 (br. s, 1 H, NH- 
25 C(4)). 3*P-NMR (120 MHz, CDCI3): 150.7, 150.9. 

li^-BeTaoyl-9-[5'-0-(4,4'-dimethoxytntyl)-2'-0-([(tnhopropyhay 
D-ribofimmosylJguanitie 3'-[(2-Cyanoethyl) Diisopropylphosphoramidite] (11): 

30 
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Yield: 90 - 95 %. 

TLC: /?f 0.55 (hexane / EtOAc 1:1). ^H-NMR (300 MHz, CDO3): 0.75 - 129 
(m, 39 H, CH3 from (i-Prop)2N- and (i-Prop)2CHCOO-; CH3 and CH from (i- 

5 Prop)3Si-); 1.62, 1.91 (2hept, J = 6.9, 1 H, CH from (i-Prop)2CHCOO-); 2.26, 
it, J = 6.6, 1 H, CH2CN); 2.74 (dt, J = 1.1, 6.8, 1 H; CH^CN); 3.19 (m, 1 H, 
OCH2); 3.45-3.69 (m, 3 H, CH from (i-Prop)2N-, OCHj); 3.756, 3.761, 3.765 
i3s, 6 H, OCH3); 3.88 - 4.17 (m, 2 H, H,H'-C(5')); 4.22, 4.32 (2br. s, 1 H, H- 
C(4')); 4.58 (m, 1 H, H-C{3')); 4.89 - 4.98 (m, 2 H, OCH2O); 5.07, 5.16 {2dd, J 

10 = 4.7, 7.6, 1 H, H-C(2')); 5.84, 5.96 (24, J = 7.6, 1 H, H-C(l')); 6.76 - 6.81 (m, 
4 H, arom. H); 7.21 - 7.55 (m, 9 H, arorh. H); 7.74, 7.79 (2$, 1 H, H-C(8)); 
7.87, 8.26 (2br. s, 1 H, NH-C(2)); 11.97 (br. s, 1 H, H-N(l)). '^P-NMR (120 
MHz, CDQa): 150.4, 150.7. 

15 

l-[5''0-(4,4 '-dimethoxytrityl) -2 '- O- (/ (triisopropylsilyl)oxy } methyl))- 6- D- 
ribofuranosyljuracile 3'-[(2-Cyanoethyl) DiisopropylphosphoramiditeJ (12): 

Yield: 90 - 95 %. 

20 

TLC: Rfi.50 (hexane / EtOAc 7:3). 'H-NMR (300 MHz, CDCI3): 1.02 - 1.18 
(m, 33 H, CH3 from (i-Prop)2N-; CH3 and CH from (i-Prop)3Si-); 2.39 (t, J = 
6.6, 1 H, CHjCN); 2.53 (m, 1 H, OCH2); 2.64 {dt, J = IJ, 62, 1 H, CHjCN); 
339 (m, 1 H. OCH2); 332 - 3.69 (m, 3S H, CH from (i-Prop)2N-, H,H'-C(5*)); 

25 3.78, 3.79, 3.80 (3s, 6 H, OCH3); 3.82 - 3.96 (m, 0.5 H, H'-C(5')); 4.19, 427 
(2br. s, 1 H, H-C(4')); 439 - 4.49 (m, 2 H, H-C(2',3')); 4.98 - 5.07 (m, 2 H, 
OCHjO); 532, 536 (Td, J = 8.1, 1 H, H-C(5)); 6.12 (d, J = 4.4, 0.5 H, H- 
C(l')); 6.13 {d, J = 4.2, 0.5 H, H-C(r)); 6.81-6.86 (m, 4 H, arom. H); 723- 
7.43 (m, 9 H, arom. H); 7.81, 7.86 (2d, / = 8.1, 1 H, H-C(6)); 8.75 (br. s, 1 H, 

30 H-N(2)). 3^P-NMR (120 MHz, CDCI3): 150.9, 1513. 
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Example 6: Procedure for the synthesis of ribonucleic acids with 
Phosphoramidites 9-12 

5 In a typical synthesis, commercially available "Controlled Pore Glass" supports 
loaded with 2 ^moles of the appropriately protected ribonucleosides (from 
Sigma) were used on a DNA-synthesizer {Pharmacia Gene Assembler). The 
original protocol of the manufacturer [10], developed for the synthesis of 
DNA-oligonucleotides in a 13 jimol scale, was used with the following 
10 exceptions: For each coupling 0.16 ml of a 0.08 M (=5 128 jiimoles) 
phosphoramidite solution was employed and the coupling time was adjusted to 
12 minutes. Coupling yields determined by the built-in detritylation assay were 
on average above 99% with individual coupling yields of up to 99.9%. 

15 

HPLC Traces of crude oligoribonucleotides obtained from posphoramidites 9 
to 12 are shown in the following Figures 1 and 2. The parameters used for the 
preparation were as follows: 

20 1 10 M CH3NH2 in H2O / EtOH 1 : 1; 25*^C, 5 hours 

2 1 M Tetrabutylaramonium fluoride in THF; 25°C, 5 hours 

3 chromatography on reversed phase columns 

25 The sequence r(UUUUUUUUUUUUUUUUUUUU) was produced with an 
overall coupling yield of 87%, the sequence 
r(GCUCGUCUGAUGAGUCCGUGAGGACGAAAGACCGU) with an 
overall coupling yield of 74%. 



30 
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Example 7 



The following chains were synthesized with the method as indicated in 
5 Example 2 and with the following mean coupling yields as indicated by the 
detritylation assay. 





Chain sequence 


number 


scale 


coupling 






of units 


[jLonole] 


yield [%] 


10 


r(CCCCGAG) 


7 


15 


992 




r(AUGGCGCACGCUGGGAGA) 


18 


15 


99.6 


15 


r(GGGUGAACUGGGGGAGGAUU) 


20 


15 


99.4 


r(GCUCGUCUGAUGAGUCCGUGAGGACXJ 
AAAGACCGU) 


35 


1^ 


99.5 


20 


r(AAACAGAGAAGUCAACCCAGAGAAAC 
ACACGUUGUGGUAUAUU) 


50 


15 


99.0 


25 


r(GGCCGGCAUGGUCCCAGCCUCCUCGC 

UGGCGCCGGCUGGGCAACAUUCCGAGGG 

GACCGUCCCCUCGGUAAUGGCGAAUGGG 

AC) 


84 


15 


99.5 
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Example 8 

For a comparison between RNA-chain buflding using the inventive 
5 ribonudeoside derivatives and RNA-chain building using the known 
ribonucleoside derivatives with a silyl-protection group on the o;^gen atom in 
2'-position, various chains were synthesized using either phosphoramidites A 
orB: 



0CH3 



H3C0 




oat 



H3CO-/ >-[— O— I BASE* 



20 



25 



30 



B 



For RNA-synthesis using 1^ ;jmoIe of solid support, 120 lA (O.IM) of 
phosphoramidite solution (mole-equivalents: 8) and 360 fA of 0.25M- 
benzylthiotetrazol the following mean coupling yields (according to 
detritylation assay) were foimd: 

Phosphoramidite coupling time mean coupling yield 



A 
A 
B 
B 



12 min. 
U min. 
12 min. 
IS min 



>99J% 
>995% 
max 98% 
ca. 92% 
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The results show clearly the different dependence on the coupling time 
between the synthesis using the two phosphoramidites. 

5 For base de-protection (ammonolysis), the chains built from phosphoramidites 
A were treated for 2 hours with 8M methylamine in ethanol/water (1:1). No 
degradation was found with ammonolysis up to 24 hours. The chains built 
from the phosphoramidites B were treated according to the state of the art 
during 30 min. with 4M methylamine and 7M ammonia in water. 

For de-protection of the 2'0-position, the chains built from phosphoramidites 
A were treated during 3 hours and the chains built from phosphoramidites B 
during 14 to 26 hours with tetrabutylammonium fluoride in water. Further 
15 treatment of the chains built from phosphoramidites A for up to 48 hours did 
not result in any chain scission. 
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CLAIMS 



15 



20 



1. Ribonucleoside-derivative comprising a D- or L-ribose-unit and having 
the stnictural formula 



whereby 

is a base of the purine- or pyrimidine-family or a derivative of such a 
base, 

is a proton or a substituted derivative of phosphonic acid, 
R^ is a proton or a suitable protection-group, 
X is a protection-group in 2'-0-position 

characterized in that the protection-group (X) on the oxygen in 2'- 
position is a silyloxymethyl-group in which the silicon atom carries three 
further substituents (R\ R^, R^). 

2. Ribonucleoside-derivative according to claim 1, characterized in that the 
three substituents (R^ R^, R^) on the silicon atom of the silylojqnoiethyl- 
group (X) are three alkyl- or aryl-substituents which together comprise 
between sue and thirty carbon atoms. 
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3. Ribonucleoside-derivative according to claim 2, characterized in that the 
substituents (K\ R^ R^) on the silicon of the protection-group (X) are at 
least partly aryl-substituted alkyl-groups or alkyl-substituted aryl-groups. 



4. Ribonucleoside-derivative according to claim 2, characterized in that the 
substituents (R\ R^ R^) on the silicon of the protection-group (X) are at 
least partly substituted with heteroatoms. 



5. Ribonucleoside-derivative accordmg to claim 2, characterized m that the 
substituents {R\ R^ R**) on the silicon of the protection-group (X) are at 
least partly mterconnected. 



6. Ribonucleoside-derivative according to claim 2, characterized in that the 
substituents (R^, R^ R^) on the silicon of the protection-group (X) are 
isopropyl-groups. 



7. Ribonucleoside-derivative according to claim 1, characterized in that the 
base (R^) is cytosine, guanine, adenine, uracile or thymine. 



8. Ribonucleoside-derivative according to claim 1, characterized in that the 
base (R*) carries an acyl-protection-group. 
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9. Ribonucleoside-derivative according to claim 1, characterized in that the 
substituted derivative of phosphonic acid (R^) is an O- and N,N- 
substituted amino-phosphino-group. 

5 

10. Ribonucleoside-derivative according to claim 9, characterized in that the 
O-substituent is a 2-cyanoethyl-group and that the N-substituents are 
isopropyl groups. 

10 

. IL Ribonucleoside-derivative according to claim 1, characterized in that the 
protection-group (R^) of the oxygen in 5'-position is a monomethoxytrityl- 
or a dimethoxytrityl-group. 

15 

12. Use of the ribonucleoside-derivative according to claim 1 for the chemical 
synthesis of RNA-oligonucleotides with a predetermined nucleotide- 
sequence. 

20 

13. Method for the preparing of the ribonucleoside-derivative according to 
claim 1, characterized in that a cyclic 2*,3'-di-0-stannyl-derivative is 
prepared in the presence of a base from a ribonucleoside (11) the oxygen 
in 5'-position of which is protected by a protection-group and that this 

25 stannyl-derivative is converted to the ribonucleoside-derivative by addition 

of a silyloxymethylhalogenide carrying three additional substituents on the 
silicon atom. 
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14. Method according to claim 13, characterized in that in a further step the 
ribonucieoside-derivative is substituted on the oxygen in 3'-position with a 
group comprising a derivative of phosphonic add 

5 

15. A sflyioxymethyihaiogenide of the formula 

Y — CHj-O— St— r5 

10 where Y is halogen and R^ and are the same or different and 

together comprise between six and thirty carbon atoms. 

16. The silyloxymethyihalogenide according to claim 15, characterized m that 
15 R^ R^ and R^ are alkyl or aryL . 

17. The silyloxymethyihalogenide according to claim 15, characterized in that 
R^ R^ and R^ are alkylaryl or arylallq^L 

20 

18. The silyloxymethyihalogenide according to claim 15, characterized in that 
R^ R^ and R^ are at least partly interconneaed. 

25 

19. The silyloxymethyihalogenide according to claim 15, characterized in that 
R\ R^ and R^ are all isopropyl. 

20. The silyloxymethyihalogenide according to claim 15, characterized in that 
30 it is a chloride. 
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